ABSTRACT Background: The number of patients using secondline antiretroviral therapy (ART) has increased over time. In Ethiopia, 1.5% of HIV infected patients on ART are using a second-line regimen and little is known about its effect in this setting.
INTRODUCTION
HIV has been a global challenge for the past three decades. In 2013, 35 million people were living with HIV worldwide. 1 Sub-Saharan Africa carries the highest burden with an estimated 24.7 million people living with HIV, nearly 71% of the global total. 1 2 In Ethiopia the HIV prevalence among adults age 15-49 years was 1.5%, 3 and in 2014 the estimated incidence was 35 002 cases with an overall estimated death toll of 52 405.
Since 1995, antiretroviral therapy (ART) has saved the lives of millions globally and has substantially decreased morbidity and mortality in people living with HIV/AIDS (PLWHA). 4 Since ART first became freely available in Ethiopia in 2005 until 2013, death due to HIV/AIDS has decreased by 63%. 2 Based on the 2014 report released from the United Nations Program on HIV/ AIDS (UNAIDS), globally as many as 13 950 296 people were accessing ART. 2 For the year 2013-14, the Federal Ministry of Strengths and limitations of this study ▪ The study involved three diverse hospitals, and had a follow-up period longer than several other similar studies. ▪ The data were collected in a retrospective fashion using secondary sources, with resulting incompleteness. ▪ Information bias may have occurred due to under-reporting of clinical conditions that constitute clinical failure, and missing laboratory results which may have categorised patients as having immunological failure. ▪ Considering treatment failure as a composite outcome for immunological failure, clinical failure, death and lost to follow-up might overestimate the rate of treatment failure. ▪ Use of immunological and clinical criteria lacks both sensitivity and specificity to detect real treatment failure (ie, virological failure) and might underestimate treatment failure.
Health of Ethiopia (FMOH) reported that 1047 health facilities were providing ART, 805 948 PLWHA were enrolled in HIV/AIDS care, 492 649 PLWHA had started ART, and 344 344 people were using ART. Of these ART users, 1.5% were on second-line treatment. The Amhara regional state in northwest Ethiopia comprises the highest proportion of ART users, with 102 088 individuals. 5 Most patients begin treatment for HIV/AIDS on a standard first-line regimen. The first-line treatment consists of a combination of two nucleoside/nucleotide reverse transcriptase inhibitors (NRTI) with one nonnucleoside reverse transcriptase inhibitor (NNRTI). Should failure of first-line treatment occur, a second-line treatment is implemented, utilising two NRTIs not previously used in first-line treatment, as well as one additional protease inhibitor (PI). 6 7 Treatment failure of the initial first-line ART regimen is a common, though not inevitable, event. 8 9 According to a study done in South Africa, the rate of first-line treatment failure was 13%, 10 and another study by Roose et al reported an overall treatment failure rate of 46%.
11 Second-line regimens are used after failure of first-line regimens, as measured by the patient's CD4 cell count, HIV viral load, or clinical features. Though frequently effective, standard first-line regimens do not work for everyone, particularly if they are infected with a drug-resistant strain of the virus 12 and/or have poor adherence. 13 14 Other predictors for treatment failure of first-line treatments include: older age, 10 15 male sex, 10 11 16 severe malnutrition, 10 17 anaemia 9 10 18 low baseline CD4 cell count, 10 16 19 advanced baseline WHO clinical stage, 16 20 21 longer duration of ART intake, 22 and a negative change in body weight. 23 According to different studies, switching patients after failure of first-line regimens reduces mortality, 24 increases viral suppression, improves immune reconstitution, 25 26 increases life expectancy, 27 and decreases drug resistance. 28 Though the number of patients being switched has been increasing over time, 9 24 it remains small 29 due to delays in switching from first-line therapy and 30 31 challenges in drug availability. Little is known about the success of these second-line therapies. Although some studies have been conducted in other sub-Saharan countries, there is little information about second-line ART failure in Ethiopia.
Therefore, this study aimed to determine the rate and predictors of treatment failure on second-line ART. This research also evaluated the progress in Ethiopia's strategy against HIV/AIDS, and is to be used to inform respective stakeholders about the current state of second-line ART users and to assist in planning for the possible need of future, third-line regimens.
METHODS

Study design
An institution-based retrospective follow-up study was conducted in three large hospitals in the Amhara 
Participants
The study population included all HIV positive adults, age 15 years and above, who started second-line ART at University of Gondar, Debre Tabor or Felge Hiwot referral hospitals. Patients who switched to a second-line treatment in the years between September 2006 and October 2014 were included and followed until April 2015 (figure 1). To be included, patients must have been on second-line ART therapy for at least 6 months. This inclusion criterion was based on the WHO treatment guideline which recommends allowing at least 6 months of treatment with a given regimen before diagnosing treatment failure. 7 The study participants were managed using different treatment guidelines due to guideline updates over time. The drugs they were taking, the definition of treatment failure, and the criteria used to switch them to a second-line treatment are variable. As per the current recommendation, NRTIs such as lamivudine (3TC), zidovudine (AZT) and tenofovir (TDF); NNRTIs such as efavirenz (EFV) and nevirapine (NVP); and protease inhibitors (PI) such as atazanavir/ritonavir (ATV/r) and lopinavir/ritonavir (LPV/r), are being used. For first-line treatment a combination of two NRTIs with one NNRTI, and for secondline treatment two NRTIs with one PI, 6 7 are being used.
After baseline data are collected from patients, the CD4 count is repeated every 6-12 months and viral load is determined when there is suspicion of treatment failure. 6 Data were collected by four health officers and five BSc nurses who had experience of working in ART clinics. All data collectors were trained in the data collection process which included a standardised data extraction checklist prepared in English. Trained data collectors, other than the investigators, reviewed and extracted data from patient charts and registries about sociodemographic characteristics (age, sex), clinical characteristics (WHO clinical staging, CD4 count at switch of ART, length of time on first-line ART, change in weight, presence of opportunistic infection (OI), calendar year of starting second-line ART), and treatment related factors (drug regimen, OI prophylaxis, cotrimoxazole preventive therapy (CPT), isoniazid (INH) prophylaxis, history of first-line modification, treatment duration, number of NRTIs tried, and drug side effect). Additionally, for the cards that had incomplete information, computer databases were used to supplement the information where possible.
To control the data quality, a data extraction checklist was pre-tested for consistency of understanding the review tools and completeness of data items. The necessary adjustments were made on the final data extraction format and the filled formats were checked daily by the supervisors. Investigators were involved in the supervision of the data collection. The patients' names and their unique ART numbers were not included during data collection to ensure privacy. To protect patient identity, supervisors linked the patient's card number with a study identification number.
Second-line regimen was defined as a boosted PI-based regimen, following a first-line regimen of one NNRTI and two NRTIs. According to the WHO criteria, clinical failure was defined as a new or recurrent clinical event indicating severe immunodeficiency: WHO clinical stage 4 conditions (eg, Kaposi's sarcoma, pneumocystis pneumonia) and certain WHO clinical stage 3 conditions (eg, pulmonary tuberculosis (TB), severe bacterial infections) after 6 months of effective treatment. Immunological failure was defined as fulfilment of at least one of the following criteria: follow-up CD4 count at or below baseline values, a 50% fall from peak value while on treatment, or persistent CD4 levels below 100 cells/mm 3 . Death was defined as the recorded death in a patient who was on second-line ART. Transferred out referred to patients who were transferred to other healthcare facilities. Transferred in referred to patients who were transferred from other facilities and accepted by one of the three study hospitals. Loss to follow-up (LTFU) was defined as a patient who had not received repeat ART for a period of 3 months or longer, and was not yet classified as 'dead' or 'transferred-out'. In the setting of HIV drug resistance, genotyping and follow-up viral load of patients on second-line treatment is not being done. Because of this, even if it is less reliable, we assessed treatment failure by using the available information of clinical and immunological criteria. In this study, our primary outcome was treatment failure, defined as a composite outcome of immunological failure, clinical failure, death and LTFU. If a patient had one of the four outcomes, he/she was considered to have had treatment failure. As shown by other studies, most patients who were categorised as LTFU ended up having treatment failure and subsequently died after being lost 1 23 32 33 due to rebound viral replication following their treatment discontinuation. Because of these reasons we considered LTFU as a treatment failure. In the setting, since there is only one regional laboratory to undertake viral load determination for more than 20 million people, viral load was not performed for all patients. We did not have any follow-up viral load data to assess virological failure after switching treatment. The reported viral load data are documented at the time of switch to diagnose first-line treatment failure. Regarding the definition of virological failure of first-line treatment, there was no single definition. Since our participants were switched over a variable period of time, there were guideline changes and because of that the definition of virological failure also varied from participant to participant. Therefore, we just recorded the presence of documented virological failure at the time of switch ( provided that the definitions were different from time to time). Some patients might switch to second-line treatment based on their clinical and immunological condition regardless of the viral load. Change in weight was defined as the difference between the participant's last weight and the baseline weight at switch to secondline ART. The data were entered into Epi info V.7 and transferred to STATA V.12.0 for analysis. Descriptive and summary statistics were performed. The rate of failure of the composite outcome (treatment failure) and each of the other potential outcomes separately were observed. Person-time at risk was measured starting from the time of switch to a second-line regimen until each patient ended the follow-up. Patients who switched between September 2006 and October 2014 were included in the analysis. Life table analysis was used to estimate the cumulative failure of patients and log rank tests were used to compare failure curves between the different categories of the explanatory variables. Patients who transferred out or remained alive in care at the end of follow-up were considered as censored observations. Schoenfeld residuals test (both global and scaled) and graphical methods were used to check the Cox proportional hazard assumption. Both bivariable and multivariable Cox proportional hazards models were used to identify predictors of failure. Variables having p values of 0.2 or less in the bivariable analysis were fitted into the multivariable model. The 95% CI of HR was computed and variables having a value of p<0.05 in the multivariable Cox proportional hazards model were considered to be significantly associated with treatment failure.
RESULTS
Baseline characteristics
Of the 356 participants, 198 (55.6%) were male with a mean±SD age of 36±8.9 years; 167 (46.9%) of the participants were between 30 and 39 years of age.
Characteristics during first-line treatment
During the start of first-line treatment, 306 (86%) participants were at WHO clinical stage III or IV and 213 (59.8%) had CD4 counts below 100 cells/mL with a median CD4 count of 78.5 cells/mL (interquartile range (IQR) 37−151). One hundred and seventy-six (49.4%) of the participants were eligible to start ART by both clinical and immunological (CD4 count) criteria. In regard to NRTIs, at initiation of first-line ART, 162 (45.5%) of the study participants were on zidovudine (AZT), 133 (37.4%) were on stavudine (d4T), and 61 (17.1%) were on tenofovir (TDF). Two hundred and fifty-seven (72.2%) of the study participants were taking NVP as an NNRTI drug.
For 118 (33.2%) participants, the first drug regimen was modified before switching to second-line ART, and among them, 102 (86.4%) patients went through only one modification. In 82 (70.7%) participants, drug side effects were the reason for regimen modifications. TB comorbidity was the reason for modification in 24 (20.7%) participants. The median time of stay on firstline regimen was 42.6 months (IQR 26.3−64.1) months. One hundred and twenty-one (34%) participants had a previous history of TB treatment before switching to second-line ART.
Characteristics during and after switch to second-line treatment At the start of second-line ART, 172 (48.3%) of the patients were at WHO clinical stage III. The median CD4 count at switch was 79 cells/mm 3 (IQR 37−155) for all participants. The mean±SD weight of participants at the start of second-line ART was 52.5±10.8 kg. In regard to NRTIs, 206 (57.9%) of the patients were taking TDF based second-line regimens. For PIs, 289 (81.2%) were taking lopinavir boosted with ritonavir (table 1) .
The reasons for patients switching to second-line treatments were virological failure, immunological failure, clinical failure and drug toxicity of first-line treatment. The most common causes were a combination of 2) . Two hundred and ten (59%) of the participants had a recorded viral load before the start of second-line treatment, of which 177 (84.3%) had virological failure; 331 (93%) of the participants also had an immunological failure at the start of second-line ART (table 2) . During the follow-up period, 24 (6.7%) participants developed opportunistic infections other than those classified in the clinical failure category. Eighteen (5.1%) of the participants modified their second-line treatment, of whom 12 (66.7%) modified due to drugs being out of stock. Drug adverse effect were recorded in 23 (6.5%) participants.
Treatment failure of second-line treatment Study subjects were followed for a median follow-up period of 32.3 months (IQR 15.4−53.2) after switching to second-line ART, with a total observation period of 1085.11 person-years. A total of 67 patients developed treatment failure, of which 19 (28.3%) and 42 (62.7%) were reported within the first and second years of follow-up, respectively. Among the total failures, 24 (35.8%) were immunological failure, 21 (31.3%) were deaths, 11 (16.4%) were clinical failure, and 11 (16.4%) were categorised as lost to follow-up.
The incidence of treatment failure of second-line treatment was 61.7 (95% CI 48.6 to 78.5) per 1000 person years of observation. From this, immunological failure, clinical failure, death, and lost to follow-up were 22.1, 10, 19, and 10 per 1000 person years, respectively.
Considering the composite outcome, the cumulative probabilities of failure at 12 months was 5.6% (95% CI 3.6% to 8.7%), at 24 months it was 13.6% (95% CI 10.2% to 18%), at 60 months it was 23.5% (95% CI 18.3% to 29.8%), and at 96 months it was 42.3% (95% CI 29.7% to 57.5%) (figure 2). At the end of 24 and 60 months, the probability of failure for those who had CD4 counts <100 cells/mm 3 at switch was 16.1% and 27.2%, respectively.
Predictors of second-line treatment failure
In the multivariable Cox regression analysis, the independent predictors of treatment failure of second-line ART were: a negative change in weight, a CD4 count <100 cells/mm 3 at the start of second-line ART, and WHO clinical stage IV at the start of second-line ART (table 3) . Being at WHO stage IV compared to WHO stage I/II was associated with a 2.1 times higher risk (adjusted HR (AHR) 2.1, 95% CI 1.1 to 4.1) of treatment failure.
A change in weight from initiation of the study to the end of follow-up had an inverse relation with failure. For a unit increase in weight in kilograms, the risk of treatment failure decreased by 8.4% (AHR 0.916, 95% CI 0.88 to 0.95). A CD4 count <100 cells/mm 3 at the start of second-line ART increased the risk of developing treatment failure by 2.0 times as compared to a CD4 count >100 cells/mm 3 (AHR 2, 95% CI 1.2 to 3.5). 
DISCUSSION
This study aimed to measure predictors of treatment failure of adult patients on second-line ART. The overall incidence of failure was 61.7 (95% CI 48.6 to 78.5) per 1000 person years, with the majority of failures (62.8%) occurring in the first 2 years of follow-up. This study found the significant predictors of treatment failure of second-line ART to include: a negative change in weight during the study period, a CD4 count <100 cells/mm 3 at switch, and patients categorised as WHO clinical stage IV at switch.
The incidence of failure in this study is in agreement with studies conducted in Cambodia and Thailand and a meta-analysis done in developing countries. 22 25 34 35 However, the incidence of failure found by this study is lower than a multicentred study conducted in Asia and Africa, which found an overall incidence of 195 per 1000 person-years. 36 The reason for this might be due to the difference in follow-up periods. Because most failures occur soon after the switch is made to a second-line therapy, a shorter follow-up period is likely to find a higher probability of failure when compared to a study with a longer follow-up period. Another explanation may be differences in the diagnostic criteria for treatment failure. In another study, viral load was used to assess treatment failure, in addition to other criteria. Viral load increases before other immunologic and clinical markers, which can shorten the time to diagnosis. Due to its sensitivity, patients who have no immunological and clinical failure may already have virological failure. Finally, this study was prospective which allowed the investigators to ensure strict follow-up and diagnosis of failure criteria, unlike our current study which was retrospective.
In our study, being at WHO clinical stage IV at the time of switch to second-line therapy was one of the significant predictors of treatment failure. Patients who were at WHO clinical stage IV were 2.1 times more at risk of treatment failure than those patients who were at WHO clinical stage I/II. This result is consistent with studies done in Malawi and sub-Saharan Africa. 13 37 This finding is likely due to the fact that patients who present with advanced disease stage are at higher risk of drug resistance, viral mutation and death. Additionally, having a comorbid advanced opportunistic disease which categorises a patient as WHO IV may lead to drug interactions between the treatment for OI and the ART which may further compromise their immunity. This may negatively affect their response to treatment after switch.
A CD4 count below 100 cells/mm 3 was also a predictor of failure. A CD4 count <100 cells/mm 3 at baseline increased the risk of developing treatment failure by 2.0 times compared to a CD4 count ≥100 cells/mm 3 . This finding is consistent with studies done in Thailand, Malawi, and South Africa. 13 36 38 This might be due to the fact that patients with a very low CD4 count are more likely to have different opportunistic infections and the added burden of these diseases further complicates their response. This likely increases the possibility of treatment failure and/or death. Change in weight was the other significant predictor of failure. For a unit increase in weight in kilograms, the risk of treatment failure decreased by 8.4%. This can be explained by understanding weight gain as an indicator of good response to treatment and having a positive effect for immunity. 13 Decreasing weight may cause OI and vice versa. In most of cases weight change is linked to the clinical condition of the patient.
While the strengths of this study include the involvement of three diverse hospitals and a follow-up period longer than several other similar studies, it also has limitations. First, the data were collected in a retrospective fashion using secondary sources with resulting incompleteness, especially where treatment adherence of the participants was not assessed. Adherence to treatment is a known predictor of treatment response, and lack of adherence data is a limitation of the current study. Additionally, information bias may have occurred due to under-reporting of clinical conditions that constitute clinical failure, and missing laboratory results which may have categorised patients as having immunological failure. Use of immunological and clinical criteria lacks both sensitivity and specificity to detect real treatment failure (ie, virological failure) and it might underestimate treatment failure. Finally, regarding treatment failure as a composite outcome for immunological failure, clinical failure, death and lost to follow-up might overestimate the rate of treatment failure.
CONCLUSIONS
The rate of treatment failure was high during the first 2 years after switching to a second-line regimen. The significant predictors of second-line ART therapy failure were: being at WHO clinical stage IV; having a CD4 count <100 cells/mm 3 at the time of switching to a second-line treatment; and a negative change in weight. Therefore, an alternative third-line ART regimen should be considered for those who are on a failing second-line regimen. This study may be generalised to patients who are using second-line ART in the Amhara region.
